United States Patent (s
Osepchuk et al. -

(111 E
(45] Reissued Date of Patent: May 10, 1988

Patent Number: Re. 32,664

{54] ENERGY SEAL FOR HIGH FREQUENCY
ENERGY APPARATUS

Jobn M, Osepchuk, Concord; James
E. Simpson, Waltham, both of Mass.

Raytheon Company, Lexington,
Mass.

488,527
Apr. 19, 1983

{75] Inventors:
[73] Assignee:

[21] Appl. No.:
[22] Filed:

Related U.S. Patent Documents

Reissue of:

(64] Patent No.:
Issued:
Appl. No.:
Filed:

U.S. Applications:
(63] Continuation of Ser. No. 582,324, May 3, 1975,

3,767,884
Oct. 23, 1973
203,227

Nov, 30, 1971

abandoned.
[E13 10 773 o KL HOSB 6/76
[52] US. CL .cerrccrnennreenes 219/10.58 D; 174735 R

[58] Fleid of Search 219/10.55 D, 10.55 A,
219/10.55 F, 10.55 R; 333/248, 251, 254-261,
228, 233, 12; 174/35 R, 33 MS, 35 GC

[56] References Cited
U.S. PATENT DOCUMENTS
3,448,232 671969 Kluck ..conivcemricrnennsevsnns 219/10.55
1511,959  $/1970 WHhite ...coviccrvsrceenrreccennnes 219/10.55

3,384,177 6/1971 Bucksbaum ........cceenne 2191035 D

3,662,140 3/1972 Jonesetal ..oivemnenene 219/10.55

FOREIGN PATENT DOCUMENTS
1022103 of 1966 United Kingdom .

OTHER PUBLICATIONS

Tomiyasu and Bolus “Characteristics of a New Ser-
rated Choke”, JRE Transactions-Microwave Theory and
Techniques, pp. 33-36, Jan. 1956.

Primary Examiner—Philip H. Leung
Attorney, Agent, or Firm—William R. Clark; Richard M.
Sharkansky

(57 ABSTRACT

A high frequency oven having a door sealed to the oven
by a seal which prevents the escape of high frequency
energy between the door and the oven by acting as a
choke to energy attempting to pass across the seal in
which excitation of energy modes in a band of frequen-
cies including the desired operating frequency range of
the oven is controlled peripherally along the seal. An
energy absorbing gasket surrounds the seal to absorb
any energy passing outwardly from the energy seal,

® 5 & o »
The questions raised in reexamination request No.
90/000,945, filed Jan. 29, 1986, have been considered
and the results thereof are reflected in this reissue patent
which constitutes the reexamination certificate required
by 35 U.S.C. 307 as provided in 37 CFR 1.570(¢).

92 Claims, 9 Drawing Sheets
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ENERGY SEAL FOR HIGH FREQUENCY ENERGY
APPARATUS

Matter enclosed in heavy brackets [ ] appears in the 3
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This is a file wrapper continuation of application Ser. 10

No. 05/582,324 filed M~y 30, 1975 which is a reissue of
U.S. Pat Na 3,7¢7 88-.

BACKGROUND OF THE INVENTION

The invention relates to electromagnetic energy sup- 13

porting structures and more particularly to microwave
heating apparatus having energy seals to prevent the
leakage of such energy from the apparatus. In the mi-

. crowave oven art the escape of high frequency energy
from an oven cavity is desirably controlled in order to
comply with standards established by State and Federal
regulatory agencies and bodies, such as the Department
of Health, Education and Welfare, Federal Communi-
cation Commission, and The United States of America
Standards Institute. Conventionally, such apparatus
operates at assigned frequencies of either 915 or 2,450
MHz and the term “microwave” as used in this descrip-
tion of the invention is intended to refer to that portion
of the electromagnetic energy spectrum having wave-
lengths in the order of 1 meter to one millimeter and
frequencies in excess of 300 MHz.

In microwave ovens the energy fed to the oven inte-
rior preferably resonates in a plurality of modes
achieved by suitable adjustment of the oven dimensions.
Such resonant modes are [oaded by absorption of heat
by the article being heated, and such sbsorption varies
with the absorbing characteristics of the article as well
as its size and shape. To assure uniformity of heating it
has generally been desirable to cyclically vary the mode
pattern with respect to the article by, for example, a
mechanical mode stirrer, by movement of the article
within the oven, by varying the frequency of the energy
fed to the enclosure, and/or combinations of all the
foregoing. The multiplicity of modes which vary with
the loading within the oven and with the cyclical varia-
tion of the modes therein can result in excitation of
modes within a door seal which have propagating com-
ponents slong the seal and can produce undesirably
large amounts of energy leakage through the door seal.

In the prior art numerous energy seals have evolved
including those providing metal-to-metal contacting
surfaces or interdigital structures, such as, for example,
the embodiments referred to in U.S. Pat. Nos. 2,956,143

issued to L.H. Shall on Oct. 11, 1960, 2,958,754 issued to 35

D.E. Hahn on Nov. 1, 1960, as well as 3,448,232 issued
to J.H. Kluck on June 3, 1969. Among the disadvan-
tages with such structures is the mechanical variations
which over s period of time develop gaps with substan-
tial energy leakage. It is also inherent in such structures
and, in particular, the last named structure that propa-
gation of energy in all modes and in all directions along
the energy seal must be suppressed by substantially
complete metal-to-metal contact in order for the seal to

be effective. Additionally, with the establishment of 65

gaps over periods of time between the contacting metal
surfaces high frequency energy arcing may occur dur-
ing operation and/or upon opening of the door.
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Other prior art energy seals include electrical choke
arrangements together with dielectric bodies to define
paths of least resistance for energy leaking along the
peripheral gap defined between the door and access
opening walls of an oven. Several examples of choke
energy seals are illustrated in U.S. Pat. Nos. 3,182,169
issued to Richard Ironfield on May 4, 1965, and
1,584,177 issued to Armnold M. Bucksbaum on June 8,
1971. The choke type energy seals are intended to han-
dle single energy propagating modes and have, for ex-
ample, a dimension of one-quarter of a wavelength of
the operating frequency of a TEM-mode along a first
path with a total excursion of one-half a wavelength
from a short circuit defined by a terminating wall which
is reflected back to the point of origin of the escaping
energy through the peripheral gap.

In previous embodiments such choke arrangements in
the course of time may change their electrical charac-
teristics due to mechanical wear and buildup of food
particles which alters the door dimensions and hinders
the effectiveness of the choke in preventing leakage. As
a result, heating apparatus which initially meets the low
radiation standard levels after installation may signifi-
cantly drift from such levels. It has further been noted
that with the excitation of plural modes within the oven
cavity the region defined by the peripheral gap around
the access opening becomes an efficient propagating
structure for, particularly, modes propagating in a y-
direction peripherally around the gap, as well as such
energy modes intended 1o be directed across the energy
seal, hereinafter referred to as the x-direction, to en-
counter the choke arrangement. A wide range of high-
er-order modes can be initiated which propagate in the
x-direction having wavelengths greatly different than
the operating frequency wavelength because these
modes are associated with cutoff resonance of y-propa-
gating modes at frequencies close to the operating fre-
quency. )

In attempting to understand the electrical character-
istics of the undesired modes propagating peripherally
along the energy seal associated with the x-directed
modes a study of the longitudinal and transverse current
flows has indicated that energy seals, particularly those
with choke arrangements, exhibit large quasi-periodic
variations of leakage superimposed upon or even coun-
teracting the expected TEM-mode suppression charac-
teristics of the choke. Energy absorbing bodies, such as
gaskets, are, therefore, coupled just beyond or outside
the mode supporting energy seals in order to further
dissipate energy leakage and assure maintenance of the
standards. If the dielectric bodies within the choke or
the energy absorbing bodies do not have stable dimen-
sions and locations during the operation of the oven
apparatus or if the door location and centering varies
then excessive energy leakage and gasket heating will
occur in an uncontrollable manner. A need arises, there-
fore, for an improved high frequency energy apparatus
having an energy seal which will provide for controlled
energy mode propagation in one direction by inhibiting
the initiation of modes which can propagate in a differ-
ent direction.

SUMMARY OF THE INVENTION

The present invention provides for an electromag-
netic energy mode supporting structure having means
for controlling undesired propagation modes. More
specifically, means are provided defining an energy
propagation path with energy being propagated in one
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direction but prevented from propagating in a different
direction. As used throughout the specification and
claims, the term “mode” means a state of electromag-
netic wave energy characterized by a particular distri-
bution in space and time. The term “propagation” is
intended to mean energization with an electromagnetic
wave having a real phase velocity and is further in-
tended to include standing and/or non-standing waves.
The term “real” relating to the phase velocity is in-
tended to refer to a wave which is not cut off from
propagating and is capable of propagating without sub-
stantially decaying.

The invention further provides that such a mode
supporting structure can be used to prevent the escape
of energy around the peripheral gap of an oven door.
Such an improved energy seal is preferably positioned
adjacent to at least one of the peripheral walls adjacent
to the opening. The mode supporting structure is pro-
vided with circuit parameter variations along at least a
portion of the structure such that the parameters have
maximum and minimum points spaced apart less than
one effective clectrical wavelength at the operating
frequency. The term “circuit parameter,” as used herein
in the specification and claims, means any of those cir-
cuit elements or waveguide constants which are depen-
dent on geometry and/or material which in a general-
ized transmission line mode affects the characteristics of
propagation of standing electromagnetic wave in a
structure.

One wall of such a mode supporting structure is mov-
able with respect to an opposing wall when the door is
opened. To inhibit the excitation of modes propagating
in the longitudinal or peripheral direction around the
access opening, periodic and/or aperiodic spaced struc-
tures such as slots are provided which yield stop bands
of frequencies which prevent resonances close to an
operating frequency. The absence of such resonances
results in the absence of modes propagating transverse
or across the mode supporting structure with cutoff
resonant frequencies close to the operating frequency.
This then further results in the restriction of guided
wavelength values of all modes propagating in the
transverse direction to values close to a single value.
Such circuit parameter variations may be provided in at
least one of the walls of the mode supporting structure
formed by the door or, alternatively in st least a portion
of the access opening walls.

The invention further provides for the use of an elon-
gated energy seal in heating apparatus to prevent sub-
stantial leakage of energy from the access aperture used
to introduce material to be heated into the oven enclo-
sure. By inhibiting the propagation of energy along the
energy seal and thereby restricting propagation to a
direction across such structure, an electrical choke may
be constructed which reflects substantially all of the
energy entering through the peripheral gap and sub-
stantially reduces or eliminates the need for energy
absorbing bodies at the primary operating frequency of
the oven surrounding the door. The reduction of the
absorption requirements of the energy absorbing bodies
permits such bodies to be used effectively to absorb any
harmonics of the operating frequency which may be
inadvertently generated by the source of energy.

The invention may be utilized in numerous other
clectromagnetic energy apparatus and systems where
control of propagation of energy modes is required for
efficient operation.
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BRIEF DESCRIPTION OF THE DRAWINGS

Details of illustrative embodiments of the invention
will be readily understood after consideration of the
following description and reference to the accompany-
ing drawings, wherein:

FIG. 1 is a perspective view, partially broken away,
of a portion of an oven and control system embodying
the invention;

FIG. 2 is a longitudinal cross-sectional view of the
oven portion of the embodiment of the invention illus-
trated in FIG. 1 taken along the line 2—2 in FIG. 3;

FIG. 3 is a partially broken away cross-sectional view
of said embodiment taken on the line 3—3 in FIG. 2;

FIG. 4 is an enlargement of a detail of the cross-sec-
tional view of FIG. 2 illustrating a portion of the choke-
type door seal arrangement in said embodiment taken
along the line 4—4 in FIG. 2;

FIG. § is a cross-sectional view of the detail of FIG.
4 taken along the line 5—8 in FIG. 4;

FIG. 6 is a schematic representation of the equivalent
circuit of the embodiment of the invention shown in
FIGS. 1-§;

FIG. 7 is a diagram illustrating the w-8 characteris-
tics for a mode supporting structure having means for
variation of the circuit parameters;

FIG. 8 is a plot of the curves of energy leakage versus
frequency measurements of modified and unmodified
heating apparatus;

FIG. 9 is a perspective view of an illustrative appara-
tus having a side-hinged door seal arrangement;

F1G. 10 is a cross-sectional view of a sliding door seal
arrangement;

FIG. 11 is a partial cross-sectional view of an alterna-
tive embodiment of the invention for choke-type door
seal arrangements;

FIG. 12 is a partial cross-sectional view of still an-
other alternative choke-type door seal arrangement
embodying the invention;

FIG. 13 is a partial cross-sectional view of an alterna-
tive choke arrangement;

FIG. 14 is a partial cross-sectional view of an alterna-
tive mode supporting structure embodying the inven-
tion;

F1G. 18 is a cross-sectional view of another structure
embodying oblique circuit parameter variation means;

F1G. 16 is a partial cross-sectional view of another
embodiment of the invention providing corrugated
circuit parameter variation means;

F1G. 17 is a partial cross-sectional view of an aperi-
odically structure embodying the invention;

F1Q. 18 is a partial cross-sectional view of another
embodiment of the invention;

F1G. 19 is a partial cross-sectional view of an energy
seal arrangement for use in alternative choke seal sys-

tems;

FIQ. 20 is a vertical cross-sectional view taken on the
line 20—20 in FIG. 19 looking in the direction of the
arrows;

FIQ. 21 is a partial cross-sectional view of an alterna-
tive energy seal arrangement; and

F1QG. 22 is a partial elevational view of another em-
bodiment of the type shown in FIG. 21.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIGS. 1-3 inclusive, the heating
apparatus 10 embodying the features of the invention is
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of the drop-down door type comprising a hollow cavity
enclosure 12 defined by conductive walls 14. A case
member 16 surrounds the enclosure as well as the ac-
companying microwave energy generator, electrical
circuits and controls. A control panel 18 supports a
5-minute timer switch 20 as well as a 30-minute timer
switch 22. A start control button 24, stop control button
26 and light control button 28 are also mounted on panel
18. An upper wall member 14 is provided with perfora-
tions 17 to facilitate the removal of any heat within the
cavity enclosure,

A source of electromagnetic energy, such as a magne-
tron type oscillator 30, is coupled to the high voltage
supply circuits and electrical controls indicated gener-
ally by box 31. The energy is fed by means of antenna 32
mounted within a dielectric dome member 34 into &
launching waveguide section 36 adapted to transmit
energy to the enclosure at the frequency of desirably
2,450 MHz in principally the TEM mode. The wave-
guide section is short-circuited at one end by wall mem-
ber 38 with the opposing end 40 being tapered and open.
The energy is distributed in a cyclically varying manner
to produce a plurality of modes within the enclosure by,
for example, a mode stirrer 42 having a plurality of
paddle members 44 actuated by a motor 46 connected to
shaft 47. Such mode stirrers provide for the excitation
of numerous modes at random as well as planned orien-
tations within the enclosure 12. The energy mode distri-
butions have varied patterns and the oven cavity is
dimensioned to be substantially greater than an effective
electrical wavelength of the predetermined {requency,
for example, 2,450 MHz. The items to be heated are
supported within the enclosure 12 by any suitable means
such as, for example, a tray of a dielectric material.

Access to the interior of the conductive enclosure 12
is provided by means of opening 50 closed by means of
door assembly 32. In the drop-down model a bottom
hinge 54 is provided and the movement of the door
assembly is controlled by a pair of spring tension coun-
terbalanced arms $6. Safety interlock switches are con-
tacted by arms 56 and are housed adjacent to walls 14.

Door assembly 52 comprises a panel member 62 and
ring member 64 secured together by any conventional
means to form a unitary assembly to be described. Per-
forations 66 in metal panel member 62 allow visual
observation of the oven interior during cooking while
preventing the escape of any electromagnetic energy
radisted within the enclosure. An outer window mem-
ber 61 is supported within ring 64. An inner window
assembly 63 with a transparent region also renders the
perforations inaccessible to damage and simplifies
cleaning of the oven interior, A stud 65 secured to mem-
ber 63 is press-fitted into apertures in panel member 62.
Window member 61 is retained in position by adhesive
means as well as door trim members omitted from this
view for the sake of clarity. A latch 68 is pivotally
mounted on the door assembly 52 and engages a mating
slot 70 in the peripheral front wall 72 surrounding the
access opening. A mechanically sctuated latch locking
arrangement 74 is slidably disposed within the control
panel 18 and is coupled to an interlock switch to pre-
vent opening of the door after the apparatus is opera-
tive.

A door-type electrical choke arrangement 76 extends
around the periphery of the door to form an elongated
seal, 2 portion of which is mounted on the door assem-
bly with the wall members having a slightly tapered
configuration 10 mate with the tapered walls 15 of the
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conductive walls 14 to assure a snug fit after closing.
Referring now to FIGS. 4 and 5 an enlarged view of the
choke arrangement is shown. Panel member 62 defines
a peripheral common wall section 78 which defines
with the opposing tapered conductive wall 15 an elon-
gated electromagnetic energy path 80 extending periph-
erally around the opening 50. The point of origin of the
energy is indicated at the gap 82. Ring member 64 has a
substantial step configuration to provide a conductive
wall surface 84 forming a part of the choke arrangement
as well as a front lateral member 86 overlapping the
casing 16 opposite to the peripheral walls 72. The door
assembly is fabricated by welding or riveting or any of
the well-known metal fabrication techniques for secur-
ing the abutting surfaces. Ring member 64 defines with
common wall section 78 a second electromagnetic en-
ergy path 88 for any energy escaping through the pe-
ripheral gap 82. The parallel paths 80 and 88 may be
filled with a dielectric material, such as a body 90 of
polystyrene or polypropylene. The entrance and exit to
the choke cavity path 88 is provided by the gap 92
defined between the end of the wall section 78 and the
opposing wall 84, The foregoing arrangement is an
efficient high frequency energy seal which offers a path
of least resistance for any escaping energy around the
peripheral gap 82.

In addition to the energy seal, elongated energy ab-
sorbing bodies 94 and 96 may be disposed as shown
between the wall surface 86 of the door ring member 64
and the peripheral wall surfaces 72. Bodies 94 and 96
may be of any desired material for absorbing electro-
magnetic energy passing through the choke arrange-
ment 76 including rubber or plastic materials loaded
with carbon derivatives or ferrite materials and the like
and may be secured to the metallic walls by suitable
adhesive materials. Such an energy absorbing seal also
absorbs any frequency harmonics of the primary fre.
quencies (2,400-2,500 MHz) which may be generated
by the magnetron.

In accordance with the principles of energy transmis-
sion such electrical choke arrangements are provided
with wall portions defining paths 80 and 83 selected
primarily to provide a high series reactance at the choke
opening and to reflect a short circuit from a terminating
wall surface 98 to the energy directed through gap 82.
The choke dimensions are typically selected to provide
a short circuit at the point of origin of the escaping
energy or approximately one-half a wavelength of the
operating frequency. It has been observed, however, in
previous embodiments that energy may be transmitted
along the seal in the y-direction as indicated by the
arrow 48 peripherally in the direction of the elongated
path around the access opening. Such y-directed energy
may have modes and/or wavelengths at the operating
frequency differing from the desired wavelength and
mode of the energy propagating across the seal at said
frequency in the x-direction as indicated by arrow 60.
These modes and, particularly, certain higher-order
modes may have cutoff resonant frequencies close to
the operating frequency.

In accordance with the teachings of the invention a
plurality of spaced circuit parameter variations are pro-
vided by such means as capacitive slots 106 in at least
one of the choke wall sections 78 to define therebe-
tween substantially finger-like conductive members 78a.
Substantial variations in the circuit parameters of the
mode supporting structure results with alternate maxi-
mum and minimum points of such parameters. The



Re. 32,664

7

distance between the points of maximum and adjacent
points of minimum variation is less than one effective
electrical wavelength of the frequency of excitation
within the oven enclosure. The illustrated slots have a
major dimension extending in the x-direction and, there-
fore, at an angle to the y-direction or peripheral direc-
tion of the mode supporting choke seal structure. The
underlying dielectric material 90 within the choke
structure path 88 is thereby exposed to energy propa-
gating across the elongated peripheral gap in the x-
direction while the slots 106 act as open circuits to
establish stop bands which inhibit initiation of energy
mode propagation in the y-direction.

The circuit parameter variations may be provided in
a periodic or aperiodic manner or combination of both
and the distances between the slots will provide any
series of high reactances as long as the dimensions of the
period are less than one effective wavelength of the
energy at the given frequency within the enclosure 12
preferably, substantially less than one-half of the wave-
length of the operating frequency. Referring particu-
larly to FIG. § it will be noted that the slots 106 provide
alternate finger-like conductive member 78a. The width
dimension “a” of the slots should be great enough to
present a low value of capacitance to energy propagat-
ing across the elongated mode supporting structure in
the x-direction. If the slot width is excessive direct
coupling between the energy in the oven enclosure and
the choke path 88 will occur. Dimension *“b" is desir-
ably less than one electrical wavelength including the
effects of the dielectric loading present. The length of
the slots 106, dimension “¢”, or the major dimension
extending normal to the direction of modes to be inhib-
ited in exemplary embodiments was close to one-quar-
ter of a wavelength including the effects of junction
susceptance. In the illustration, therefore, the slot di-
mension *“‘c” is substantially the full length of the choke
wall section 78. Alternatively, the slot may terminate a
short distance from the edge of panel member 62. The
slots 106 have been illustrated as being void of any
medium other than air, however, in certain applications
it may be desirable to fill the slots with dielectric me-
dium similar to that employed for the body member 90
disposed within paths 80 and 88.

While the reasons for the successful operation of the
invention are not thoroughly comprehended certain
general principles apply to structures having the elon-
gated geometry of a typical heating apparatus door
assembly or any large waveguide structures capable of
supporting numerous propagating modes by referring
first to the schematic representation of the equivalent
circuit depicted in F1G. 6. The series of periodic or
aperiodic variations in the form of capacitance resctan-
ces are spaced a distance p with esch slot having a
capacitive value C to losd a mode supporting structure
having a characteristic impedance Zo. Although the
peripheral gap under conmsideration is reentrant, the
structure may be considered for the sake of simplicity as
being infinite in length in order to analytically deduce
certain theoretical principles which will assist in an
understanding of the invention.

Referring now to F1G. 7 the frequency characteris-
tics of an infinite capacitively loaded structure are plot-
ted in terms of frequency w and the propagation con-
stant 8. In addition to the TEM-like modes within the
path 80 in the x-direction & number of possible modes in
which the guided wavelength Ag/\ is considerably
different than unity can be studied utilizing the princi-
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ples of quasi or modified periodic structures. The phase
change across the capacitor C is such that phase veloc-
ity varies to establish a series of stop and pass bands.
Certain modes, therefore, can be determined to have an
o/ relationship for propagating in the y-direction
indicated by line 116 and a slope characteristic dw/dg8
shown by line 118 for curves 120, 122 and 124. Consid-
ering Maxwell's theory together with Floquet's theo-
rem which states that for a given mode of oscillation in
frequency the propagation wave function is muitiplied
by a constant complex factor on moving along the
structure by one section or period, the cutoff frequen-
cies for energy propagating along the y-direction may
be determined.

The analysis provides the realization that pass band
126 exists to support desired energy transfer. A stop
band also exists as indicated by line 128 in a certain
frequency range preventing energy transfer. In addition
to the higher-order modes certain lower frequency
modes may also be supported within a mode supporting
structure as indicated by curve 130. If a mode support-
ing structure is provided along the y-direction with
circuit parameter variations which will substantially
eliminate cutoff resonances composed of y-directed
energy, then any modes with cutoff frequencies for
propagation in the x-direction close to the operating
frequency will be inhibited. Energy modes can then
propagate in the x-direction with Ag~A. Whereas pre-
viously some higher-order modes would have propa-
gated in the x-direction close to the operating fre-
quency, now these modes can initiate only reactive or
evanescent penetration along the x-direction with insig-
nificant coupling of the oven enclosure fields to external
space through the gap region.

The invention teaches the establishment of such cir-
cuit parameter varying means to inhibit the initiation of
modes propagating in the peripheral or y-direction by
providing a stop band free of cutoff resonances close to
the opersting frequency f,. The range of between 0.5
and 1.5 of the operating frequency, indicated between
the dotted lines 132 and 134 in FIG. 7, has an approxi-
mate three-fold range to yield very effective inhibition
of modes in the y-direction.

Classical periodic structure theory, for example enu-
merated in the text “Microwave Engineering by Har-
vey, Academic Press, New York and London, at p. 436,
yields the following equation for the propagation con-
stant 8 of energy in the peripheral or y-direction:

©08 Sp=mcos Bop+ fwCZ, sin Bp m
where 8,=2w/\is the propagation constant of the en-
ergy in the mode supporting structure having an electri-
cal wavelength including the effect of dielectric load-
ing. Zo is the characteristic impedance and “p* is the
spacing between consecutive capacitances C. The
upper edge of the stop band can be made close to 8 op
~7 if oCZo is substantially small, for example,
wCZo < <. If the stop band is made to be at least twice
2, then there can be no cutoff resonance in the y-direc-
tion for x-propagating modes at all frequencies below
2, The essential condition for the inhibition of higher-
order mode propagation is, therefore, fulfilled by select-
ing a slot width to yield a low capacitance C and a small
period p. In actual embodiments operating at 2,450
MHz a “p” dimension in the range of 0.650~0.750 inches
and an “a” slot dimension in the range 0.070-0.12%
inches provided desired propagation characteristics.
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Before proceeding to a description of numerous other
embodiments of periodically or aperiodically circuit
parameter variations the performance measurements of
oven leakage versus frequency illustrated in FIG. 8 will
now be described. The illustrative curves represent a
large number of readings taken at numerous locations
around the periphery of the energy seal with a large
number of curves superimposed and the maximum en-
velope taken as the curve of maximum leakage versus
frequency for each particular combination. Curve A
represents a microwave oven door seal without any
electrical choke arrangements or modifications. Curve
B represents an oven door assembly with just a choke.
Curve C represents a door assembly modified in accor-
dance with the invention by capacitive slots having
widths in the range of 0.070-0.125 inches and a spacing
“p" in the range 0.650-0.750 inches together with an
electrical choke arrangement. All three curves reflect
results without the use of any secondary lossy or damp-
ing gaskets, as well as plastic materials covering the
perforations in the door. The frequency f, is the as-
signed operating frequency of microwave oven appara-
tus.

Curve A without any protection indicates a high
level of leakage which decreases with frequency ac-
cording to theoretically confirmed variation of input
reflection. A choke arrangement indicated by curve B
reduces the leakage by about 10-20dB with no distinct
choke resonance indicated in the vicinity of f,. It is
believed that this lack of distinct choke resonance re-
sults from the uninhibited higher-order modes along the
elongated peripheral path which is in large measure
unafTected by the choke action since Ag/\ is far from
unity. The expected choke peak suppression at the oper-
ating frequency of x-directed modes is, therefore,
masked. With the addition of the appropriate circuit
parameter variations to establish a stop band for energy
propagating in the y-direction, distinct evidence of
choke action is revealed by curve C at the resonance
point f,, indicated by the numeral 140. It may also be
noted that the minimum leakage at the f, point is ap-
proximately 20dB below the leakage of an unmodified
choke door indicated by curve B. The frequency depen-
dence has also been observed to be noncritical with
only a 10dB degradation in choke performance for a
+200 MHz frequency deviation from choke resonance
140. As s result, electrical deviations during the life of
an apparatus due to mechanical variations in embodi-
ments of the present invention will certainly maintain
satisfactory safety standards over extended periods of
time.

It has also been noted in actual tests that the sddition
of the lossy energy absorbing bodies typically lowers
the maximum leakage by another 10-135dB in unmodi-
fied doors whereas the addition of such material lowers
the leakage by only 5-10dB with the door modified in
accordance Wwith the present invention. This data indi-
cates that the door seal arrangement of the invention
relies less on the additional lossy absorbing materials by
reason of the inhibiting of higher-order mode energy
propagation. The invention restores the normal func.
tion of the electrical choke arrangement in primarily
controlling the TEM modes propagating in the x-direc-
tion across the peripheral gap. The data, therefore,
indicates an improvement factor of 40-100 in reducing
the leakage levels well below levels achieved with exist-
ing oven door arrangements.

10
A modification of the invention is disclosed in FIG.
11 wherein spaced slots 108 are now provided in wall
15. Choke arrangement 76 in this embodiment provides
for the wall section 78 of panel member 62 to remain

5 unmodified. The capacitive slots, therefore, are pro-

vided in wall 15 to result in the inhibition of the desired
modes. The energy propagating in the y-direction cou-
pled through slots 108 may be attenuated by suitable
means within chamber 110 defined with case 16 by an

10 end wall 111.

In FIG. 12 an alternative door seal arrangement is
disclosed with choke 142 provided as a part of the en-
closure wall 14 instead of the door assembly. The di-
electric body 90 and transmission paths 80 and 88 are

15 defined similar to the preceding embodiments. Panel

member 144 and ring member 146 are fabricated as a
single unit to define the overall door assembly 148
which contacts the wall choke arrangement. The choke
wall portion 152 having the spaced capacitive slots 154

20 is secured by suitable means to oven wall member 14.

The resultant door-choke arrangement is again pro-
vided sround the access opening.

In the foregoing descriptions the inner and outer door
window members 61 and 63 have been shown. It may

25 also be noted that while a choke arrangement has been

described, in certain embodiments of mode supporting
structures the gaps between the door assembly and oven
enclosure wails may be loaded with magnetized ferrite
bodies to perturb the escaping energy. In such embodi-

30 ments capacitive structures can be arranged in the oven

enclosure walls in essentially the same manner shown in
FIG. 11.

Other circuit parameter variation structures will now
be described. In FI1G. 14 slots 156 and 158 having vary-

33 ing lengths c) and c; provide substantially U-shaped

members 160. In this embodiment one set of capacitive
reactances can inhibit one frequency mode while the
second set inhibits another frequency. In FIG. 15 slots
162 extend obliquely to define therebetween conductive

40 members 164. In all the foregoing examples, the modifi-

cation of the wall surfaces can be practiced for either
the wall defining the enclosure or the door. In some
embodiments both walls provide the requisite circuit
variations.

In FIG. 16 & variation of the invention is disclosed
with the corrugated wall 166 comprising a plurality of
conductive rib sections 168 to provide alternating high

- and low impedance regions around the access opening.
The ribs extend parallel to the x-direction or transverse

50 across the elongated peripheral path. Dielectric mate-

rial 170 is disposed in a similar manner t0 the previous
embodiments. Spaced high impedance regions are de-
fined by channels 172 between the rib sections 168 in the
low impedance region. In this embodiment the x-direc-

53 tion extends in the direction indicated by the circle, The

y-direction is again indicated perpendicular to this di-
rection. A z-direction is algo indicated showing the
direction of energy into the choke filled with dielectric
170. In this embodiment further improvement in inhibit-

60 ing modes may be realized by the provision of slots in

the back walls of each channel as indicated by dashed
lines 171.

F1Q. 17 illustrates an aperiodically varied structure
having somewhat random spacings with all the periods

65 being much less than one effective electrical wave-

length long, for example all less than A/4 of the prede-
termined operating frequency. Hence, the distance be-
tween slots 174 and 176 provides a first spacing p1. The
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distance between capacitive slots 176 and 178 provides
a second spacing pa. Similarly, the distance between
- slots 178 and 180 provides a third variable spacing. The
conductive wall members disposed between the slots
form varying spaced conductive members 182, 184 and
186.

FIG. 18 illustrates a choke arrangement 76 similar to
that shown in FIGS. 4 and 5 modified by insertion of a
dielectric or other desired material 107 in slots 106 to
aid in achieving the desired circuit variations,

An alternative heating apparatus of the side-hinged
type is shown in FIG. 9. Access opening 190 is enclosed
by means of door assembly 192 having a latch member
194. Control panel 196 includes a mechanical latching-
interlock arrangement 198 which engages a slot 200 in
the side wall of the door assembly. The latch member
194 engages slot 202 in peripheral wall 204 surrounding
the access opening. Safety interlock switches are sup-
ported by plate 206 positioned between enclosure mem-
ber wall 208 and the inner oven wall 210. Door assem-
bly 192 is provided with a series of circuit variations to
provide the desired inhibiting characteristics by slots
212 in the side wall of the door choke assembly to pro-
vide therebetween spaced conductive members 214. In
this embodiment a cover 216, with a window of a plastic
material, encases the inner wall portions of the door
arrangement. The distribution of the circuit variations
again follows the principle of the teachings of the inven-
tion as explained in detail with regard to the illustrations
of the drop-down apparatus. A secondary absorbing
seal is provided by any means such as, for example, a
graphite loaded gasket 193 having a thicker section 195
adjacent to the choke dielectric material 197. The door
assembly is completed by perforations 199 and in this
embodiment the surface of wall 204 may be left uncov-
ered by loasy gasket material to expose bare metal,

In FIG. 10 a slidably disposed door assembly 240
embodying the invention is illustrated comprising an
outer skin member 242 of a metal, such as aluminum,
wrapped around a frame 244 which may consist of
sections of a metal channel seam-welded to form a pic-
ture frame-like structure to enclose access opening 246.
Handle 248 is attached to the door assembly for manual
operation. Track mechanisms 250 and 252 include ny-
lon-bearing surfaces 254 and 286 inserted on the outer
edge of a flange of the oven apparatus wall 258, Guide
rails 262 and 264 are wrapped around this structure and
are coupled between the outer skin member 242 and
frame 244 by means of screws 266. Dielectric spacers
268 are inserted into the frame 244 and provide a gap
270. An inner skin member 260 of a suitable metal or
other material encloses the inside of door frame 244 to
reinforce the door.

Frame 244 defines a choke structure 272 having inte-
rior walls 274, 276, 278 and 280. Gap 270 as well as
choke structure 272 may be fllled with a dielectric mate-
rial if desired. Wall 274 presents a terminating short
circuit which ‘reflects back to the point of origin of
energy escaping through gap 270. Choke wall 280 and
the opposing wall surface 282 of the oven wall 258 form
a boundary of gap 270 which is effectively a mode
supporting line. In this embodiment the x-direction in
which the TEM-like modes are propagated is indicated
by the arrow 284. The circle 286 indicates the y-direc-
tion of the modes to be suppressed and extends perpen-
dicular to the x-direction. In accordance with the inven-
tion, choke wall 280 is appropriately modified by the
provision of capacitive slots 288 having a major dimen-
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sion extending normal to the y-direction of propagation.
The foregoing embodiment may further be’arranged
with the choke structure 272 disposed within oven wall
258.

FIG. 13 illustrates a door arrangement 400 closing an
opening in oven enclosure 402 defined by conductive
walls 404. A frame 406 having perforations 408 and
plastic window cover 410 is provided with an absorp-
tion cavity having walls 412 and 414 filled with a dielec-
tric body 416. Energy escaping from enclosure 402
traverses the gap between wall 404 and wall 418 of the
frame to first enter the absorption cavity, The energy
path then extends right angularly along the front walls
of the enclosure. An energy absorbing material 419 is
disposed with a resilient wall member 420 adjacent the
outer edge of the door. A trim moulding 422 and 424
completes the door assembly.

In accordance with the invention either wall 418 or
opposing wall 404 is modified by slots 426, In this illus-
tration these slots have been shown in wall 218. The
dimensions are selected to inhibit propagation of energy
in the peripheral elongated path designated by the circle
428 and y-direction while the x- or desired energy path
is designated by arrow 430. All the variations previ-
ously described can also be embodied in this structure.

FIGS. 19 and 20 illustrate a waveguide transmission
line capable of supporting numerous modes. Coupling
flanges having a choke wall 218 provide two trough-
like structures 220 and 222 within which transverse or
oblique modes may be propagated while the direction
of a described transmission is indicated by the arrow
224. Coupling flange members 226 and 228 couple
waveguide sections 230 and 232. In this embodiment the
circuit parameter variations are defined by slots 234 in
choke wall 218. Again inhibition of peripherally di-
rected propagating modes will result in a more efficient
single mode transmission along the main line.

FIGS. 21 and 22 illustrate another embodiment of a
door seal arrangement providing an elongated propaga-
tion line comprising bars having widths of approxi-
mately one-quarter of & wavelength extending longitu-
dinally or, what has hereinbefore been referred 10 as the
y-direction, peripherally adjacent to the access opening
walls with dielectric materials spaced between alternate
bars. Each of the propagation lines are provided with a
terminal end to reflect a low impedance at the point of
energy origin. Explicit details regarding this embodi-
ment may be had by referring to U.S. Pat. No. 3,511,959
issued May 12, 1970, to J. R. White.

In F1G. 21 the partial cross-sectional view discloses a
conductive wall member 300 forming an oven enclosure
302. A mode supporting structure 304 includes first and
second bar members 306 and 308 secured to surface 310
of the front conductive wall 300 around the access
opening 312. The conductive bars are spaced apart to
provide a space 314 of high impedance characteristics.
Movable conductive panel 316 of door 318 provides a
boundary wall member to form with wall surface 310,
the structure 304 for transmission of energy having its
origin adjacent the opening 312. Dielectric members
320 and 322, such as a polypropylene dielectric tape,
prevents contact of bars 306 and 308 by the movable
panel member 316. An slternately high and low impe-
dance structure is defined with the low impedances
provided in the regions of the conductive bars 306 and
308 and the intermediate section 314 defining a high
impedance which can be approximately 60 times the
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characteristic impedances of the low impedance sec-
tions.

In this embodiment the conductive bars are modified
in accordance with the invention to provide a series of
capacitive slots 324 to inhibit the propagation of modes
directed in a direction running parallel to the longitudi-
nal bars peripherally around the access opening. In this
view the direction of such undesired modes is viewed as
propagating directly into the paper. To provide for the
suppression of such energy, slots 324 communicate with
chambers 326 provided by hollowing out conductive
bar 308. The first conductive member 308 disclosed
immediately adjacent to the access opening 312 may be
the only modified structure or, if necessary for adequate
energy control, the next conductive bar member 306
may be similarly modified, as indicated by dotted line
328.

Referring next to FIG. 22 an alternative door seal
arrangement incorporating longitudinal bars extending
adjacent to the periphery of an opening is shown. Door
assembly 330 is slidably disposed by suitable means such
as track members 360 attached to the oven front walls.
A mode supporting structure having five sections is
formed by three parallel spaced conductive bar mem-
bers 332, 334 and 336 secured to surface 338 of a front
wall 340 and extending peripherally around the access
opening 342 by means of a nuts and bolts arrangement
344, Dielectric material members 346 and 348 are sand-
wiched between the conductive bar members and are
secured by appropriate means. Each of the dielectric
members is dimensioned to extend beyond the conduc-
tive bar members when the access door panel 350 is
closed to prevent metal-to-metal contact.

Slots 352 are disposed, first, in the conductive bar
member 332 peripherally around the access opening.
After determination of the leakage value of escaping
energy from the oven enclosure & second set of slots 354
may be required in bar member 334 to attenuate such
energy. A third set of slots 356 in bar member 336 will
assure the maximum protection against the leakage of
clectromagnetic energy around the door opening when
the apparatus is operative. The foregoing slots are again
arranged to inhibit the propagation of energy modes
extending longitudinally and peripherally around the
door opening in the direction indicated by the arrow
358. Alternatively, the foregoing embodiments can be
fabricated with the modes supporting structures
mounted directly on the movable door panels to contact
the oven enclosure walls surrounding the access open-
ing when the door assembly is in the closed position. In
addition the slots may be provided in any desired man-
ner on any desired wall. In the foregoing embodiments
involving elongated bars it is also within the teachings
of the invention to provide corrugated sections defining
alternating spaces and coaductive member ribs extend-
ing in the peripheral direction in accordance with the
structure illustrated in FIG. 16.

The present invention affords s novel means for in-
hibiting initiation of modes propagating transversely or
obliquely to a desired direction of energy propagation.
The provision of a frequency stop band by circuit pa-
rameter varistions inhibits propagation of modes in one
direction at an operating frequency and provides for
propagation of energy at this frequency in a different
direction. In addition to high frequency heating appara-
tus, the invention is useful in systems including over-
sized waveguides supporting many modes, industrial
conveyorized oven apparatus having elongated en-
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trance and exit structures, transmission and communica-
tion systems. It is equally applicable to energy seals
with and without choke arrangements. The invention
may also be utilized in embodiments operating at more
than one desired frequency.

Numerous variations or modifications of the dis-
closed invention will be evident to those skilled in the
art. It is intended, therefore, that the foregoing descrip-
tion of the invention and the illustrative embodiments
be considered in the broadest aspects and not in a limit-
ing sense.

We claim:

[ 1. Heating apparatus comprising:

an enclosure;

means for energizing said enclosure with energy hav-

ing at least a predetermined frequency;

said enclosure comprising at least a wall member

having an access opening and a closure member for
said access opening; and

an energy seal comprising at least portions of said

wall and closure members to define an clongated
energy mode supporting structure;

said mode supporting structure comprising means for

substantially inhibiting the propagation of energy
at said frequency in one direction and substantially
providing for propagation of said energy in a dif-
ferent direction.]

[ 2. The apparatus according to claim 1 wherein said
propagating inhibiting and provision means comprise
structural variations to provide points of maximum and
adjacent points of minimum variation in the energy
propagating characteristics along at least a portion of
said mode supporting structure.]

[3. The apparatus according to claim 2 wherein the
distance between points of maximum variation and adja-
cent points of minimum variation are less than one ef-
fective electrical wavelength of said frequency of en-
ergy within said enclosure.]

[4. The apparatus according to claim 2 wherein at
least some of said structural variations are periodic.]

8. [The apparatus according to claim 2 wherein at
least some of said structural variations are aperiodic]
Heating apparatus comprising:

an enclosure;

means for energizing said enclosure with energy having

at least a predetermined frequency and a plurality of
modes;
said enclosure comprising at least a wall member having
an access opening and a door for said access opening.

an energy seal comprising at least portions of said wall
and door to define an elongated energy mode support-
ing structure;

said mode supporting structure comprising means for

directing substantially all energy propagation entering
said seal in a first direction outwardly across said
mode supporting structure and means for substan-
tially inhibiting the propagation of said energy at said
Jrequency in directions perpendicular and oblique 1o
said first direction: and

said propagation inhibiting and directing means com-

prising aperiodic structural variations along at least a
portion of sald mode supporting structure.

[ 6. The apparatus according to claim 2 wherein said
structural variations are produced by means comprising
slots. )

L7. The apparatus according to claim 2 wherein said
structural have a major dimension extending normal to
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the direction of energy propagating along said struc-
ture.} ‘

8. [The heating apparatus according to claim 6
wherein] Heating apparatus comprising:

an enclosure;

means for energizing said enclosure with energy having

at least a predetermined frequency;
said enclosure comprising at least a wall member having
an access opening and door for said access opening;

an energy seal comprising at least portions of said wall
and door to define an elongated energy mode support-
ing structure;

said mode supporting structure comprising means for

directing substantially all energy propagation entering
said seal in a first direction outwardly across said
mode supporting structure and means for substan-
tiglly inhibiting the propagation of energy at said
Srequency in directions perpendicular and oblique to
said first direction;

said propagation inhibiting and directing means com-

prising structural variations along at least a portion of
said mode supporting structure;

said structural variations being produced by means com-

prising slots; and

at least some of said slots have a diflerent length.

[9. The apparatus according to claim 2 wherein one
of said energy seal wall members is movable.]

[10. The apparatus according to claim 1 and means
coupled to said mode supporting structure for dissipat-
ing energy transmitted therethrough.]

[11. Heating apparatus comprising:

an enclosure;

means for encrgizing said enclosure with energy hav-

ing at least a predetermined [requency;

means for producing & plurality of energy modes

within said enclosure in a cyclically varying man-
ner;

said enclosure comprising at least a wall member

having an access opening and a closure member for
said access opening; and

an energy seal comprising at least portions of said

wall and closure members to define an elongated
energy mode supporting structure;

said mode supporting structure comprising means for

substantially inhibiting the propagation of energy
at said frequency in one direction and substantially
providing for propagation of said energy in a dif-
ferent direction.]}

[12. The apparatus according to claim 11 wherein
said propagation inhibiting and provision means com-
prise structural variations to provide points of maxi-
mum and adjacent points of minimum variation in the
energy propagation characteristics along at least a por-
tion of said mode supporting structure.)

{13. The apparatus according to claim 12 wherein
the distance between points of maximum variation and
adjscent points of minimum varistion are less than one
effective electrical wavelength of said frequency within
said enclosure.}

[ 14. The apparatus according to claim 11 wherein st
least some of said structura] variations are periodic.]

[ 15. The apparatus according to claim 11 wherein at
least some of said structural variations are aperiodic.)

[16. The apparatus according to claim 11 wherein
said structural variations are produced by means com-
prising slots.}

[17. The apparatus according to claim 11 wherein
said structural variations have a major dimension ex-
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tending normal to the direction of energy propagating
along said mode supporting structure.]
[ 18. The apparatus according to claim 16 wherein at
least some of said slots have a different length.]
[19. The apparatus according to claim 11 wherein
one of said energy seal wall members is movable.]
[20. The apparatus according to claim 11 and means
coupled to said mode supporting structure for dissipat-
ing energy transmitted therethrough.]
[21. In combination:
a cavity;
means for supplying said cavity with electromagnetic
wave energy in a frequency range where the di-
mensions of said cavity are substantially greater
than a free space wavelength at said frequency;

access means to said cavity comprising a door for
closing an opening in a wall of said cavity; and

means for providing an energy seal between said door
and said cavity wall comprising an elongated en-
ergy mode supporting structure;

said mode supporting structure comprising means for

substantially inhibiting the excitation of predeter-
mined modes of electromagnetic energy at said
frequency peripherally along said structure and
substantially providing for the propagation of pre-
determined modes of said energy across said struc-
ture.}

[22. The combination in accordance with claim 2
wherein said excitation inhibiting and provision means
comprise structural variations to provide alternately a
maximum and a minimum point in the energy propagat-
ing characteristics of said structure.]

[23. The combination in accordance with claim 22
wherein the distance between points of maximum varia-
tion and adjacent points of minimum variation are less
than one effective electrical wavelength of said fre-
quency.)

[24. The combination in accordance with claim 23
wherein said structure comprises a dielectric medium.}

[25. The combination in accordance with claim 24
wherein said structure comprises metallic bounding
surfaces.]

[26. The combination in accordance with claim 28
wherein said bounding surfaces defining said mode
supporting structure are separated by said dielectric
medium.}

[27. The combination in accordance with claim 26
wherein a medium is provided adjacent said opening for
dissipating radiated energy escaping across said struc-
ture.}

[28. Heating apparatus comprising:

an enclosure;

means for energizing said enclosure with energy hav-

ing a predetermined frequency;

said enclosure having an access opening;

s member for closing said opening; and

elongated energy mode supporting structure com-

prising a choke disposed adjacent to at least one
peripheral wall of said opening;

said mode supporting structure comprising structural

variations to yield predetermined maximum and
minimum points to control the energy propagating
characteristics in predetermined directions within
said structure.)

[29. The apparatus according to claim 28 wherein
said choke and mode supporting structure are filled
with a dielectric medium.)
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[30. The apparatus according to claim 28 wherein
said choke is disposed along at least portions of the
peripheral edges of said closure member.]

[31. The apparatus according to claim 28 wherein
said choke is disposed within at least portions of one
peripheral wall of said opening.]

[32. The apparatus according to claim 28 wherein at
least some of said structural variations are periodic.]

[33. The apparatus according to claim 28 wherein at
least some of said structural variations are aperiodic.]

[34. The apparatus according to claim 28 wherein
the distance between points of maximum variation and
adjacent points of minimum variation are less than one
effective electrical wavelength of said frequency of
energy within said enclosure.]

[35. The apparatus according to claim 28 and means
for producing a plurality of modes within said enclosure
in a cyclically varying manner.)

[36. The apparatus according to claim 28 and means
coupled to said mode supporting structure for dissipat-
ing energy escaping from said line.]

[37. Heating apparatus comprising:

a source of microwave energy;

means for concentrating energy from said source in a

restricted region of space comprising a wall mem-
ber having an access opening;

the maximum linear dimension of said space being at

least a plurality or free space wavelengths of the
predominant frequency band of said energy and the
periphery of said access opening being greater than
a plurality of free space wavelengths of said en-
ergy;

means for substantially preventing the escape of said

energy from said region through said opening com-
prising means for producing substantially standing
waves from any portions of said energy which pass
through said opening and a plurality of frequency
responsive means spaced around at least a major
portion of said opening for providing impedance
variations to transmission of said energy around the
periphery of said opening;

the average spacing between the maxima and/or

minima of said impedance variations at said fre-
quency being less than one-half of a free space
wavelength of said frequency.]

[38. The apparatus according to claim 37 wherein
said means for preventing the loss of said energy
through said opening comprises a member for closing
said opening.}

[39. The apparatus according to claim 37 and sec-
ondary means for preventing the escape of said energy
comprising a lossy energy absorbing material disposed
adjacent to said opening.]

[40. The apparatus according to claim 37 wherein
said means for providing impedance variations com-
prises spaced impedance discontinuities.]

[41. the apparatus according to claim 40 wherein
said impedance discontinuities comprise spaced slots
extending in a direction substantially perpendicular to
the periphery of said opening.]

[42. The spparatus according to claim 40 wherein
said impedance discontinuities comprise spaced slots
extending obliquely to the periphery of said opening.]

[43. The apparatus according to claim 40 wherein
said impedance discontinuities extend in a direction
perpendicular to the periphery of said opening for a
distance substantially equal to & quarter wavelength of
said standing waves.]
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[44. The apparatus according to claim 37 wherein
said means for producing said standing waves comprises
a substantially short circuit electrically spaced from said
wall member by a distance substantially equal to one or
more half wavelengths of said standing waves.]

[45. The apparatus according to claim 38 wherein
said means for providing said standing waves comprises
a mode supporting structure made up at least in part of
portions of said wall member and portions of said clo-
sure member.]

[46. The spparatus according to claim 48 wherein
said impedance variations extend around at least a
major portion of at least one peripheral wall of said
mode supporting structure.]

[47. The apparatus according to claim 45 wherein
said mode supporting structure comprises an input sec-
tion communicating with said restricted region and
having said means for producing said impedance varia-
tions and a section outside said input section for reflect-
ing an impedance which is substantially less than the
average characteristic impedance of said input sec-
tion.)

[48. The apparatus according to claim 37 wherein
said wall member is a portion of a conductive enclosure
surrounding said region and said means for preventing
the escape of said energy through said opening com-
prises a conductive closure member covering said open-
ing and spaced from said wall member by a dielectric
medium forming a mode supporting structure having at
least an input section and a choke section and said
means for providing impedance variations comprise a
plurality of impedance discontinuities in the input sec-
tion of said mode supporting structure spaced along a
major portion of the periphery of said opening with the
average of said spacing being less than one-half of a free
space wavelength of said frequency.]

49. [The apparatus according to claim 48] Hearting
apparatus comprising:

a source of microwave energy;

means for concentrating energy from said source in a

restricted region of space comprising a wall member
having an access opening;
the maximum linear dimension of said space being at
least a plurality of free space wavelengths of the pre-
dominant frequency band of said energy and the
periphery of sald access opening being greater than a
plurality of free space wavelengths of said energy;

means for substantially preventing the escape of said
energy from said region through said opening compris-
ing means for producing substantially standing waves
Jrom any portions of said energy which pass through
satd opening and a plurality of frequency responsive
means spaced around at least a major portion of said
opening for providing impedance variations to trans-
mission of said energy around the periphery of said
opening;

the average spacing between the maxima and/or min-

ima of said impedance variations at said frequency
being less than one-half of a free space wavelength of
said frequency;

said wall member being a portion of a conductive enclo-

sure surrounding said region and said means for pre-
venting the escape of said energy through said opening
comprises a conductive closure member covering said
opening and spaced from said wall member by a di-
dlectric medium forming a mode supporting structure
having at least an input section and a choke section
and said means for providing impedance variations
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comprising a plurality of impedance discontinuities in
the input section of said mode supporting structure
spaced along a major portion of the periphery of said
opening with the average of said spacing being less
than one-half of a free space wavelength of said fre-
quency; and,

wherein said input and choke sections are separated

by a common wall and said spaced impedance
discontinuities are disposed in said common wall.

[50. The apparatus according to claim 43 and sec-
ondary means for preventing the escape of said energy
comprising a lossy energy absorbing material coupled
to the output portion of said mode supporting struc-
ture.]

[51. Heating apparatus comprising:

an enclosure;

means for energizing said enclosure with energy hav-

ing a predetermined frequency;

said enclosure comprising a wall member having an

access opening and a closure member for said ac-
cess opening; and

an energy seal comprising at least portions of said

wall and closure members spaced from one another
by a dielectric medium;

said energy seal further comprising a plurality of

spaced slots extending in a direction substantially
perpendicular to the periphery of said opening and
defining therebetween conductive elements;

the average spacing between said slots being less than

one-half of a free space wavelength of said fre-
quency.]

[52. The apparatus according to claim 51 wherein
said spaced slots are disposed along at least portions of
the peripheral edges of said closure member.]

[53. The apparatus according to claim 51 wherein
said spaced slots are disposed along at least portions of
one peripheral wall of said opening.]

[ 34. Heating apparatus comprising:

an enclosure;

means for energizing said enclosure with energy hav-

ing a predetermined frequency;

said enclosure comprising a wall member having an

access opening and a closure member for said open-
ing; and

an energy seal comprising an input section and a

choke section made up of at least portions of said
wall and closure members spaced from one another
by a dielectric medium;

said energy seal further comprising a plurality of

spaced slots extending in a direction substantially
perpendicular to the periphery of said opening and
defining therebetween conductive elements;
said elements all having one end interconnected and
the other ends terminating in a dielectric medium,;

the average spacing between said slots being less than
one-half a free space wavelength of said fre-
quency.]

55. [ The apparatus according to claim 54] Heating
apparatus comprising:

an enclosure;

means for energiting said enclosure with energy having a

predetermined frequency;
said enclosure comprising a wall member having an
access opening and a closure member for said opening;

an energy seal comprising an input section and a choke
section made up of at least portions of said wall and
closure members spaced from one another by a dielec-
tric medium:
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said energy seal further comprising a plurality of spaced
slots extending in a direction substantially perpendic-
ular to the periphery of said opening and defining
therebetween conductive elements;

said elements all having one end interconnected and the
other ends terminating in a dielectric medium;

the average spacing between said slots being less than
one-half of a free space wavelength of said frequency:
and

wherein said input and choke sections are scparated
by a common wall and said spaced slots are dis-
posed in said common wall.

86. The apparatus according to claim [54] 53

wherein said choke section is disposed along at least
portions of one peripheral wall of said opening.

57. The apparatus according to claim [543 55

wherein said choke section is disposed along at least
portions of one peripheral wall of said closure member.

38 Heating apparatus comprising:

an enclosure;

means for energizing said enclosure with energy having a
Sfrequency in a predominant frequency band:

the sum of the linear dimensions of said enclosure being
at least a plurality of free space wavelengths of said
JSrequency;

an access aperture in a wall of said enclosure;

a door for closing said access aperture;

a microwave energy seal having conductive portions of
said wall and said door forming an elongated energy
mode supporting structure comprising a .reentran!
choke structure having a common wall with an input
transmission line structure, said common wail being
substantially less than a quarter wavelength in thick-
ness at said predetermined frequency: and

sald common wall containing slots which inhibit the
propagation of said energy in directions in said seal
perpendicular and obligue to an ourward direction
and direct the propagation of said energy from the
interior of said enclosure in said outward direction to
said reentrant choke structure substantially only
through said input transmission line structure.

39. Heating apparatus comprising:

an enclosure;

means for energizing said enclosure with energy having
at least a predetermined frequency and a plurality of
modes;

said enclosure comprising at least a wall member having
an access opening and a door for said access opening:
and

an energy seal comprising at least portions of sald wall
and door to define an elongated energy mode support-
ing structure;

said mode supporting structure comprising means for
directing substantially all energy propagation entering
said seal in a flrst direction outwardly across said
mode supporting structure and means for substan-
tially inhibiting the propagation of energy at said
Jrequency in directions perpendicular and oblique to
said first direction;

said propagation inhibiting and directing means com-
prising slots in sald mode supporting structure, said
slots being arrayed in said perpendicuiar direction and
extending in said first direction.

60. Heating apparatus comprising:

an enclosure:

means for energizing sald enclosure with energy having
at least a predetermined frequency and a plurality of
modes;
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said enclosure comprising at least a wall member having
an access opentng and a door for said access opening;

an energy seal comprising at least portions of said wall
and door to define an elongated energy mode support-
ing structure;

said mode supporting structure comprising means for
directing substantially all energy propagation entering
said seal in a first direction outwardly across said
mode supporting structure and means for substan-
tially inhibiting the propagation of said energy at said
Jfrequency in directions perpendicular and obligue to
said first direction; and

said structural variations are produced by means com-
prising spaced slots extending obliguely to said perpen-
dicular direction.

61. A microwave oven comprising:

a conductive enclosure having an access aperture;

a door for closing said access aperture:

means for supplying microwave energy predominantly in
a predetermined band to said enclosure;

means for cyclically varying the mode pattern within
said enclosure;

the linear dimensions of said enclosure being substan-
tially greater than the free space wavelength of said
energy:

a microwave seal comprising portions of a wall of said
conductive enclosure and said door;

said seal comprising an input transmission line section
dispased between the interior of said enclosure and a
choke section with means comprising slots in a con-
ductive wall of said input transmission line section for
directing substantially all of said energy propagation
in a single direction ourwardly toward said choke
section which reflects said energy back through said
input section into said enclosure and for inhibiting the
propagation of energy in said frequency band in direc-
tions perpendicular and obligue to said single direc-
tion; and

means for providing that all energy entering said seal
eniers through said input transmission line section.

62. A microwave oven comprising:

a conductive enclosure supplied with microwave energy
predominantly in a predetermined band;

said enclosure having an access aperture whose linear
dimensions are substaniially greater than the free
space wavelengeh of sald energy;

a door for closing sald access aperture;

means for cyclically varying the mode pattern within
saild enclosure;

a microwave seal comprising conductive portions of said
enclosure and said door;

said seal comprising an input transmission line section
interconnecting the interior of said enclosure and a
choke section; and

means comprising tlots in a conductive wall of said
choke section for restricting propagation in said choke
section to a TEM-like mode.

63. A microwave oven comprising:

o conductive enclosure having an access aperture;

a door for closing said access aperture;

means for supplying said enclosure with microwave en-
ergy predominantly in a predetermined frequency
band:

means for cyclically varying the mode patiern within
said enclosure;

the linear dimensions of said enclosure being substan-
tially greater than the free space wavelength of said

energy;
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a microwave seal comprising portions of a wall of said
conductive enclosure and said door; and

said seal comprising an input transmission line section
coupling the interior of said enclosure with a choke
section with means comprising slots in a conductive
wall of said input transmission line section for direct-
ing substantially all of said energy propagation in a
single direction outwardly toward said choke section
which reflects said energy back through said input
section into said enclosure and for inhibiting the prop-
agation of energy in said frequency band in directions
perpendicular and obligue to said direction, the input
transmission line section comprising portions of said
wall and said door which form parailel elongated
planar structures and which limit energy propagation
to said choke section to the space between said planar
structures.

64. A microwave oven comprising:

a conductive enclosure having an access aperture:

a door for closing said access aperture;

means for supplying microwave energy perdominantly in
a predetermined band 1o said enclosure;

means for cyclically varying the mode pattern within
said enclosure;

the sum of the linear dimensions of said enclosure and
said aperture being substantially greater than the free
space wavelength of said energy;

@ microwave seal comprising portions of a wall of said
conductive enclosure and said door extending around
the periphery of sald access aperture;

said seal comprising an input transmission line section
coupled berween the interior of said enclosure and a
choke section;

means for providing that all energy entering said seal
enters through said input transmission line section:
and

means comprising a slotted common wall of said input
transmission line section and said choke section for
coupling 1o sald choke section substantially all of said
energy in said input transmission line section directed
generally orthogonally to the periphery of said access
aperture while inhibiting the propagation of said en-
ergy in the peripheral and obdlique directions of said
access aperture.

63. A microwave oven comprising:

a conductive enclosure having an access aperture;

@ door for closing said access aperture;

means for supplying said enclosure with microwave en-
ergy predominantly in a predetermined band to said
enclosure;

means for cyclically varying the mode patiern within
said enclosure;

the linear dimensions of said enclosure being substan-
tially greater than the free space wavelength of said
energy;

a microwave seal including portions of a wall of said
conductive enclosure and said door;

said seal comprising an input transmission line section
disposed between the interior of said enclosure and a
choke section with means comprising slots in a con-
ductive wall of said input transmission line section for
substantially restricting energy propagation in the
input transmission line section to a TEM-like mode
directed toward said choke section whereby said en-
ergy propagation is blocked by said choke section: and

means for providing that all energy entering said seal
enters through said input transmission line section.

66. Heating apparatus comprising:
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an enclosure;

means for energizing said enclosure with energy having
at least a predetermined frequency and a plurality of
modes;

said enclosure comprising at least a wall member having

an access opening and a door for said access opening;
and

an energy seal comprising at least portions of said wall

and door to define an elongated energy mode support-
ing structure;

said mode supporting structure comprising means for

directing substantially all energy propagation entering
said energy seal in a first direction ourwardly across
said mode supporting structure and for substantially
inhibiting the propagation of said energy at said fre-
quency in directions perpendicular and obligue to said
first direction.

67. The apparatus according to claim 66 wherein said
propagation directing and inhibiring means comprises
structural variations fo provide points of maximum and
adjacent poinis of minimum variation in the energy propa-
gaiing characteristics along at least a portion of said mode
supporting structure.

68. The apparatus according to claim 67 wherein the
distance between points of maximum variation and adja-
cent points of minimum variation are less than one ¢ffective
electrical wavelength of said frequency of energy within
said enclosure.

69. The apparatus according to clatm 67 wherein at least
some of said structural variations are periodic.

70 The apparatus according to claim 67 wherein sald
structural variations are produced by means comprising
sloes.

71, The apparatus according to claim 67 wherein said
strucrural variations have a major dimension extending
normal to the direction of energy propagating along said
structure.

72. The apparatus according to claim 67 wherein one of
said energy seal wall members is movable.

73. The apparatus according to claim 66 and means
coupled to said mode supporting structure for dissipating
energy transmitted therethrough

74. The apparatus according (o claim 66 wherein said
plurality of energy modes are produced in a cyclically
varying manner,

73. Heating apparatus comprising:

an enclosure;

means for energizing sald enclosure with energy having a

predetermined frequency and a plurality of modes;
said enclosure having an access opening

a door for closing said opening: and

elongated energy mode supporting structure comprising

an elongoted choke disposed adjacent to at least one
peripheral wall of said opening:

said mode supporting structure comprising means for

directing substantially all energy propagation out-
wardly in a first direction to the mouth of said choke
and for substantially inhibiting the propagation of
energy at said frequency in directions perpendicular
and oblique to said first direction. said propagation
inhibiting and directing means comprising structural
vartations arranged in a direction perpendicular to
sald first direction.

76. The apparotus according to claim 73 wherein said
choke and mode supporting structure are fliled with a
dielectric medium.
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77. The apparatus according to claim 75 wherein said
choke is disposed along at least portions of the peripheral
edges of said closure member.

78. The apparatus according to claim 75 wherein said
choke Is disposed within at least portions of one peripheral
wall of said opening.

79. The apparatus according to claim 75 wherein at least
some of said structural variations are periodic.

80. The apparatus according to claim 75 and means
coupled to said mode supporting structure for dissipating
energy escaping across said structure.

81. A microwave oven comprising: :

a conductive enclosure having an access aperture;

a door for closing and opening said access aperture;

means for supplying microwave energy predominantly in
a predetermined band to said enclosure;

means for cyclically varying the mode pattern within
said enclosure;

the sum of the linear dimensions of said enclosure being
substantially greater than the free space wavelength of
said energy;

a microwave seal comprising portions of a wall of said
conductive enclosure and said door;

said seal comprising an input transmission line section
coupled between the interior of said enclosure and a
choke section; and

means in a wall common 1o said input transmission line
section and said choke section for directing the propa-
gation of substantially all of said energy in said fre-
quency band entering said seal in a single direction
across sald choke section and for inhibiting the propa-’
gation of energy entering said seal in directions per-
pendicular and oblique to said single direction.

82. An oven comprising:

an enclosure;

means for energizing said enclosure with energy having a
Jrequency in a predominant frequency band;

the sum of the maximum linear dimensions of said
enclosure being at least a plurality of free space wave-
lengths of said frequency;

an access aperture in a wall of said enclosure;

a door for clasing said access aperture and forming a
microwave energy seal with said wall at said frequency
band around the periphery of said aperture;

said seal comprising an input transmission line section
coupled berween the interior of said enclosure and a
reentrant choke section which provides for the propa-
gation of substantially all of said energy in said fre-
quency band in a direction generally orthogonal to
said periphery from the interior of said enclosure
substantially only through said transmission line
structure to said reentrant choke structure while in-
hibiting the propagation of waves of said energy in said
Sfrequency band in directions perpendiculer and
obligue to said orthogonal direction.

83. A microwave oven comprising:

a conductive enclosure Aaving an access aperture;

a door for closing said access aperture;

means for supplying microwave energy predominantly in
a predetermined band to said enclosure;

means for cyclically varying the mode pattern within
said enclosure; .

the sum of the linear dimensions of said enclosure being
substantially greater than the free space wavelength of
said energy;

a microwave seal comprising portions of the wall of said
conductive enclosure around said aperture and con-
ductive portions of said door; and
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said seal comprising an input transmission line section, @’

choke section and an output transmission line section
connected at a common junction;

said common junction being coupled to the interior of
said enclosure substantially only through said input
transmission line section; and

said seal comprising means in a thin conductive wall
common o said input and choke sections for permit-
ting the propagation of waves of said energy entering
said seal in an outward direction toward said choke
section and for inhibiting the propagation of waves of
said energy in said frequency band in directions per-
pendicular and obligue to said outward direction.

84. A microwave oven comprising:

a conductive enclosure having an access aperture;

a door for clasing said access aperture;

means for supplying microwave energy predominantly in
a predetermined band to said enclosure;

means for cyclically varying the mode pattern within
said enclosure;

the sum of the linear dimensions of said enclosure and
said aperture being substantially greater than the free
space wavelength of said energy;

a microwave seal comprising portions of a wall of said
conductive enclosure and said door around the periph-
ery of said access aperture:

said seal comprising an input transmission line section
coupled between the interior of said enclosure and a
choke section;

means for providing that all energy entering said seal
enters through said input transmission line section;
and

means comprising an apertured common wall of said
input transmission line section and said choke section
Jor coupling to said choke section substantially all of
said energy in said (nput transmission line section
directed generally orthogonally fo the periphery of
said access aperture while inhibiting the propagation
of said energy in the peripheral and obligue directions.

83. Microwave heating apparatus comprising:

an enclosure;

means for energizing sald enclosure with energy having a
[frequency in a predominant frequency band;

an access aperture in a wall of said enclosure:

the sum of the linear dimensions of said enclosure and
said aperture being at least a plurality of free space
wavelengths at said frequency;

a door for closing said access aperture;

a microwave energy seal between said wall and door
comprising adjacent conductive portions of sald wall
und closure members;

said seal comprising a choke section and an input trans-
mission line section having a thin conductive wall
which is common to both sections and which containg
means for providing for the coupling of energy enter-
ing said seal from the interior of said enclosure in an
outward direction toward said choke section through
said (nput transmission line structure while inhibiting
the propagation of said energy in directions perpendic-
ular and obligue to said outward direction, said adja-
cent conductive portions forming parallel elongated
planar structures with means limiting access to sald
choke section to the space berween said planar struc-
tures.

86 A microwave oven comprising:

a conduciive enclosure supplied with microwave energy
predominantly in a predetermined band.:
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said enclosure having an access aperture whose linear
dimensions are substantially greater than the free
space wavelength of said energy;

a door for closing said access aperture;

means for cyclically varying the mode pattern within
said enclosure;

a microwave seal comprising conductive portions of said
enclosure and said door;

said seal comprising an input transmission line section
interconnecting the interior of said enclosure and a
choke section; and

means in a conductive wall of said choke section for
restricting propagation in said choke section (o0 a
TEM-like mode and thereby inhibiting the propaga-
tion of other modes having propagation components
around the periphery of said access aperture.

87. A microwave oven comprising:

@ conductive enclosure having an access aperture;

a door for closing said access aperture;

means for supplying microwave energy predominantly in
a predetermined band (o said enclosure;

means for cyclically varying the mode partern within
said enclosure;

the linear dimensions of said enclosure being substan-
tially greater than the free space wavelength of said
energy;

a microwave seal comprising portions of a wall of said
conductive enclosure and said door;

sald seal comprising an input transmission line section
dispased berween the interior of said enclosure and a
choke section with means in a conductive wall of said
input transmission line section for subsiantially re-
stricting said energy propagation to a TEM-like mode
directed toward said choke section whereby said en-
ergy propagation is blocked by said choke section: and

means for providing that all energy entering said seal
enters through said input transmission line section.

88. Heating apparatus comprising:

an enclosure;

means for energizing said enclosure with energy having a
Jrequency in a predominant frequency band;

the sum of the linear dimensions of said enclosure being
at least a plurality of free space wavelengths of said
Jrequency;

an access aperture in a wall of said enclosure:

a door for closing said access aperture;

a microwave energy seal having conductive portions of
said wall and said door forming an elongated energy
mode supporting structure comprising a reentrant
choke structure having a common wall with an input
transmission line structure, said common wall being
substantially less than a quarter wavelength in thick-
ness at said predetermined frequency: and

said common wall containing slots oriented in an out-
ward-pointing direction and spaced from each other in
a direction perpendicular to the outward-pointing
direction.

89. Heating apparatus comprising:

an enclasure;

means for energizing sald enclosure with energy having
at least a predetermined frequency and a plurality of
modes;

sald enclosure comprising at least a wall member having
an access opening and a door for said access opening:

an energy seal comprising at least portions of said wall
and door to define an elongated energy mode support-
ing structure; and
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said mode supporting structure comprising slots in at
least one of said wail and said door. the slots being
arrayed in a peripheral direction around the access
opening and extending in the ourward-pointing direc-
tion, the extent of the slots in the direction perpendicu-
lar to both the peripheral direction and the outward-
pointing direction being substantially less than a quar-
ter wavelength at said predetermined frequency.

90. A microwave oven comprising:

a conductive enclosure supplied with microwave energy
predominantly in a predetermined band:

said enclosure having an access aperture whase linear
dimensions are substantially greater than the free
space wavelength of said energy;

a door for closing sasd access aperture;

means for cyclically varying the mode pattern within
said enclasure;

a microwave seal comprising conductive portions of said
enclosure and said door;

said seal comprising an input transmission line section
interconnecting the interior of said enclosure and a
choke section at least in part bounded by a conductive
wall said conductive wall being substantially less than
a quarter wavelength in thickness at said predeter-
mined frequency; and

a plurality of slots in said conductive wall of said choke
section, the slots being arrayed in a peripheral direc-
tion around the access opening and extending in the
ourward-pointing direction.

91. A microwave oven comprising:

a conductive enclosure having an access aperture;

a door for closing said access aperture;

means for supplying with microwave energy predomi-
nantly in a predetermined band to said enclosure;

means for cyclically varying the mode pattern within
said enclosure;
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the linear dimensions of said enclosure being substan-
tially greater than the free space wavelength of said
energy;

a microwave seal comprising portions of a wall of said
conductive enclosure and said door; and

said seal comprising an input transmission line section
disposed between the interior of said enclosure and a
choke section, with a plurality of slots in a conductive
wall of said input transmission line section, said con-
ductive wall being substantially less than a quarter
wavelength in thickness at said predetermined fre-
quency, and the slots being arrayed in a peripheral
direction around the access opening and extending in
the outward-pointing direction.

92. Heating apparatus comprising:

an enclosure;

means for energiring said enclosure with energy having a
Jrequency in a predominant frequency band;

the sum of the linear dimensions of said enclosure being
at least a plurality of free space wavelengths of said
Srequency;

an access aperture in a wall of said enclosure;

a door for closing said access aperture;

a microwave energy seal having conductive portions of
said wall and said door forming an elongated energy
mode supporting structure comprising an input trans-
mission line structure and a reentrant choke structure,
the input transmission line structure and the choke
structure sharing a conductive wall in common, said
conductive wall being substantially less than a quarter
wavelength in thickness at said predetermined fre-
quency; and

said common wall containing a plurality of slots arrayed
in spaced apart relationship in the peripheral direction
around the access opening and extending in the out-
ward-pointing direction.

[ ] [ ]



